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Abstract

Background: Thyroid storm (TS) is a rare but potentially life-threatening sequelae of untreated or undertreated
hyperthyroidism. While TS frequently causes high-output heart failure, low-output heart failure related to dilated
cardiomyopathy (DCM) is extremely rare. Tachycardia is a common clinical presentation of TS, and (1-selective
blockers are the first-line agents for treating TS-associated tachycardia. However, given that 3-blockers have negative
chronotropic and negative inotropic effects, amiodarone may be safe and effective for the treatment of TS-induced
tachyarrhythmia in patients with moderate to severe heart failure. While long-term amiodarone administration causes
hypothyroidism, or less frequently, hyperthyroidism, little is known about the effects of short-term amiodarone
administration on thyroid function.

Case presentation: A 31-year-old healthy woman presented with worsening dyspnoea. She was tachycardic with
multifocal atrial tachycardia (MAT) of 184 beats/min, confirmed by electrocardiogram. Echocardiographic findings
were consistent with DCM, with an ejection fraction of 20%. Thus, she was initially diagnosed with acute heart failure
due to DCM with coexistent MAT. Tachycardia persisted despite cardioversion attempts and treatment with multiple
anti-arrhythmic drugs. Consequently, she rapidly progressed to cardiogenic shock and respiratory decompensation,
which required intubation and an intra-aortic balloon pump support. Moreover, the undiagnosed Graves' disease, lack
of suspicion, and postponed analysis of thyroid function tests led to a delayed diagnosis of TS. Amiodarone, which
was initiated for MAT, unexpectedly ameliorated thyrotoxicosis, resulting in a euthyroid state and the patient’s signifi-
cantly improved condition and cardiac function. She was discharged on day 40. Finally, she underwent total thyroid-
ectomy; thyroid pathology was consisting with Graves' disease. Her postoperative course was uneventful.

Conclusions: Herein, we describe a case of delayed diagnosis of dilated thyrotoxic cardiomyopathy with coexistent
MAT. The patient required intensive care due to the catastrophic sequelae and was successfully treated with amiodar-
one. This is the first case report of TS-associated MAT and highlights the clinical importance of high suspicion of TS in
de novo heart failure with any tachyarrhythmia or DCM of unknown etiology and the potential effects of short-term
amiodarone administration in the treatment of TS.
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Background
Thyroid storm (TS), a sudden and life-threatening exac-
erbation of thyrotoxicosis, can lead to irreversible mul-

*Correspondence: hyamamoto19700908@gmail.com tiple organ failure if left untreated. Often, TS causes
! Department of Cardiovascular Medicine, Narita-Tomisato Tokushukai high—output heart failure (HF) with coexistent atrial
Hospital, 1-1-1 Hiyoshidai, Tomisato, Chiba 286-0201, Japan

Full list of author information is available at the end of the article fibrillation or sinus taChycardla due to hyperdynamlc

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0003-4742-7653
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12872-021-01935-5&domain=pdf

Yamamoto et al. BMC Cardiovasc Disord (2021) 21:124

status and decreased systemic vascular resistance. How-
ever, low-output HF related to dilated cardiomyopathy
(DCM) is rare [1].

Tachycardia is a common clinical presentation of TS.
As mortality and severity in patients with TS signifi-
cantly increases as resting heart rate increases [2], and
thyroid hormones increases the number of beta-adren-
ergic receptors [3], national and international guidelines
recommend B1-selective blockers (landiolol, esmolol, or
bisoprolol) as first-line agents for the treatment of TS-
associated tachycardia [4]. However, treating TS-asso-
ciated tachycardia remains challenging in patients with
moderate to severe HF, given that B-blockers have nega-
tive chronotropic and negative inotropic effects.

Amiodarone, a class III potent anti-arrhythmic drug, is
effective for controlling atrial tachyarrhythmia, regard-
less of the hemodynamic status [5], and thus is recom-
mended for treating tachyarrhythmia in TS during a left
ventricular systolic dysfunction (LVSD). Moreover, ami-
odarone can directly impact thyroid function due to its
high iodine content [6]. While long-term amiodarone
administration is reported to cause hypothyroidism, or
less frequently hyperthyroidism [7], little is known about
the effects of short-term amiodarone administration on
thyroid function.

Case presentation (Table 1)

A 31-year-old woman was admitted to the emergency
department with worsening dyspnoea. She begun to
feel dyspnoea on effort 10 days prior and 4 days before
admission, the symptom worsened accompanied by a
non-productive cough on deep breathing. However, she
had no subjective symptoms of palpitations, no under-
lying cardiac disease, and was not receiving any regu-
lation medication or consuming supplements. Upon
initial examination, the patient was alert, oriented, and
afebrile, with a blood pressure of 137/78 mmHg, tachy-
cardia of 244 beats/min, and tachypnoea of 36 breaths/
min. Cardiovascular auscultation revealed cardiac gal-
lop rhythm and bilateral crackles. Electrocardiogram
revealed three or more distinctive P-wave morpholo-
gies, plus tachycardia with a heart rate of 184 beats/
min (Fig. 1a). The P-wave morphologies were different
from the normal sinus P-wave morphology in the previ-
ous electrocardiogram performed 5 years earlier (Addi-
tional file 1), suggesting multifocal atrial tachycardia
(MAT). Chest radiography revealed cardiomegaly with
pulmonary congestion (Fig. 1b), and echocardiography
revealed left ventricular dilatation and generalized severe
hypokinesis with an ejection fraction of 20%, suggesting
DCM. Further, laboratory tests revealed elevated levels
of aspartate aminotransferase (84 U/L, reference: 13-30
U/L), alanine aminotransferase (80 U/L, reference: 7-23
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U/L), total bilirubin (3.0 mg/dL, reference: 0.4-1.5 mg/
dL), cardiac troponin I (35.6 pg/mL, reference: <26.2 pg/
mL), and brain natriuretic peptide (1,524.4 pg/mL, ref-
erence:<18.4 pg/mL). Tachycardia persisted despite
intravenous administration of adenosine triphosphate,
verapamil, and landiolol, and multiple cardioversion
attempts were ineffective. The patient rapidly progressed
to cardiogenic shock and respiratory decompensation,
necessitating transfer to the intensive care unit, intuba-
tion, and inotropic support. She received infusions of
noradrenaline (0.04 pg/kg/min), dobutamine (2 pg/kg/
min), and milrinone (0.125 pg/kg/min). Mildly elevated
circulating cardiac enzymes were noted and acute coro-
nary syndrome was suspected. However, urgent coronary
angiography was unremarkable and an intra-aortic bal-
loon pump (IABP) was inserted. Amiodarone was started
for refractory tachyarrhythmia. The intravenous dose was
started with 125 mg administered over 10 min, followed
by an infusion of 0.8 mg/min for 6 h, and then a mainte-
nance infusion of 0.4 mg/min for the next 18 h. A subse-
quent oral dose was started at 400 mg/day and gradually
reduced to 200 mg/day. Incessant tachyarrhythmia finally
reverted to sinus rhythm and resulted in a significant
heart rate reduction. Administration of a vasopressin
V2-receptor antagonist (tolvaptan 15 mg/day) with loop
diuretics (azosemide 30 mg/day) was initiated to ame-
liorate congestion. In addition, anticoagulation with
intravenous heparin (19,200 units/day) was initiated to
prevent intracardiac thrombus formation, and low-dose
pimobendane (1.25 mg twice daily) was used to enhance
left ventricular systolic function. She remained hemo-
dynamically stable with support from the IABP and was
progressively weaned from the vasoactive agents. After
confirming the patient’s condition to be euvolemia,
anti-failure therapy was started at extremely low doses
(enalapril, spironolactone, and carvedilol), which were
carefully and gradually increased based on the patient’s
tolerance (Fig. 2). IABP was weaned on day 7. After
confirming that there was no re-exacerbation of HF fol-
lowing the introduction of anti-failure medication, the
patient was weaned from the ventilator and transferred
to the general ward on day 11.

Diagnostic endomyocardial biopsy (EMB) was per-
formed on day 8. Photomicrograph revealed moderate
myocyte hypertrophy with moderate interstitial fibro-
sis and a few interstitial inflammatory infiltrates with-
out associated myocyte necrosis (Fig. 3). The counts
of CD3+ T-lymphocytes and CD68+ macrophages
were 2.2 and 23.9 cells/mm? respectively; this cor-
responded to 6.2 leucocytes/mm? including up to 4
monocytes/mm?, which did not fulfill the proposed
immunohistochemical criteria for myocarditis (> 14
leucocytes/mm?, including up to 4 monocytes/mm?
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184 beats/min (a)

Fig. 1 Representative images depicting the findings of the electrocardiogram (a) and chest radiography (b). Electrocardiogram showing isoelectric
baseline between P waves, and rapid, irregular rhythm with at least three distinctive P-wave morphologies (arrows; best seen in the Il leads).
Notably, some P waves were aberrantly conducted to the ventricles, and premature ventricular contraction was also detected. The heart rate was

and CD3+ T-lymphocytes>7 cells/mm?) by World
Heart Federation and European Society of Cardiol-
ogy. Furthermore, late gadolinium-enhanced cardiac
magnetic resonance imaging showed no abnormali-
ties, indicating the absence of myocardial necrosis,
supporting this notion.In addition, a workup for the
unexplained tachycardia was performed. We performed
thyroid function tests using stored blood samples

obtained on admission day 1 through day 7 (Table 2).
Strikingly, thyroid studies using pre-amiodarone treat-
ment sera on admission demonstrated undetectable
thyroid-stimulating hormone (TSH) levels (reference:
0.35-4.94 mIU/L), and markedly elevated free T3 and
T4 (>30 pg/mL, reference: 1.71-3.71 pg/mL; 3.81 ng/
dL, reference: 0.7-1.48 ng/dL, respectively), strongly
suggesting thyrotoxicosis.
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Fig. 2 Clinical course after admission. HR: Heart rate, SBP: Systolic blood pressure, LVEF: Left ventricular ejection fraction, fT3: Free T3, fT4: Free T4,
T-Bil: Total bilirubin, AST: Aspartate-aminotransferase. *Data were retrospectively measured using stored blood samples obtained on admission day
1 through day 7

In consultation with an endocrinologist, a thorough
physical examination revealed mild exophthalmos and
thyromegaly, which could not be recognised during the
initial physical examination. Graves’ disease (GD) was
suspected as a cause of the thyrotoxicosis. In addition,
antibodies to thyrotropin receptor (TRAb) (11.5 IU/L,

reference: 0-2.0 IU/L), and thyroid-stimulating anti-
bodies (TSAb) (651%, reference: 0-120%) were
detected, further supporting this notion (Table 2). After
a careful interview, the subject revealed about a two-
week history of diarrhoea and nausea before admis-
sion, suggesting preceding gastroenteritis. The patient
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Fig. 3 Endomyocardial biopsy of the left ventricle. Photomicrograph showing moderate to severe endocardial thickening, interstitial and
perivascular fibrosis, and focal interstitial edema (scale bar: 100 um) (a). High-power view with hematoxylin-eosin stain showing moderate
hypertrophy of myocytes with no remarkable myocyte loss (scale bar: 50 um) (b). Some CD3 +T-lymphocytes can be observed (scale bar: 100 um)
(c). CD68 + macrophages can be observed sporadically in the interstitial fibrosis area (scale bar: 100 um) (d)

fulfilled the Japan Thyroid Association diagnostic cri-
teria for TS. Notably, we recognized that amiodarone
treatment had unexpectedly controlled TS (Fig. 2). Her
clinical status improved during her hospitalization.
However, the patient’s thyroid hormone levels began to
increase on day 14, suggesting the escape phenomenon.
Thiamazole (10 mg/day) was started on day 31. As the
patient was a staff nurse of our hospital, she was per-
mitted and wished to continue her hospitalization and
rehabilitation. Thus, she was finally discharged on day
40, when serial echocardiography showed significant
improvements in the left ventricular systolic function
and reverse remodeling (Fig. 4; Additional files 2, 3, 4,
5). The patient subsequently received treatment at our
outpatient clinic to establish clinical euthyroidism. She
remained clinically stable during a 2-month follow-up,
and the results of thyroid function tests were as fol-
lows: undetectable TSH, free T3 (4.38 pg/mL), free T4
(1.35 ng/dL), TRADb (5.1 IU/L), and TSAD (245%).

Ultimately, total thyroidectomy was performed because
she wished to become pregnant. The resected thyroid
gland was markedly enlarged and weighed 122 g. Thy-
roid pathology was consistent with GD. The postopera-
tive course was uneventful. Full recovery of the LVSD
was observed at the 6-month follow-up. Even after subse-
quent tapering and discontinuation of beta-blockers, she
remained clinically stable at the 48-month follow-up.

Discussion

The pathophysiologic mechanisms of TS are elusive and
diagnosing TS remains challenging since its diagnosis
is based upon the presence of pathognomonic clinical
features consistent with thyrotoxicosis [2]. We initially
considered that MAT was common in acute HF and was
presumably attributed to the compensation of LVSD.
Moreover, neither high-grade fever nor central nervous
system manifestations, both common and specific to TS,
were observed in this case. Thus, undiagnosed GD, lack
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Table 1 Timeline

Timeline

14 days prior to presentation
10 days prior to presentation
4 days prior to presentation
On emergent presentation
6:40:00 PM

6:44:00 PM
8:12:00 PM

9:35:00 PM
11:59:00 PM
Day 3

Day 5

Day 7

Day 8

Day 11
Day 31
Day 38

Day 40
Regular follow-up
Day 131

6-month follow-up
48-month follow-up

The patient experienced diarrhoea and nausea
She began to feel dyspnoea on effort
She experienced worsening dyspnoea and a nonproductive cough on deep breathing

She presented with worsening dyspnoea at the emergency department. Electrocardiogram showed MAT. Echocardiog-
raphy revealed left ventricular dilatation and severe hypokinesis; the patient was diagnosed with dilated cardiomyo-
pathy

She was treated for MAT with intravenous administration of adenosine triphosphate, verapamil, and landiolol, as well as
multiple cardioversions, which were ineffective

She rapidly progressed to cardiogenic shock and respiratory decompensation, which required intubation and inotropic
support

Emergent coronary angiography was unremarkable. An IABP was inserted

Amiodarone was started for refractory MAT

IABP and administration of amiodarone successfully suppressed the recurrence of MAT
She was weaned from the vasoactive agents, and anti-failure therapy was carefully induced
She was weaned off IABP

Endomyocardial biopsy was performed
A workup for the unexplained tachycardia led to the correct diagnosis of thyroid storm

Extubation and cardiac rehabilitation
Thiamazole was induced

Follow-up echocardiography demonstrated significant improvements in left ventricular systolic function and reverse
remodelling

Discharged to home
She received treatment at our outpatient clinic to establish clinical euthyroidism
Total thyroidectomy was performed; thyroid pathology was consistent with Graves'disease

Full recovery of the LVSD was observed
She remained clinically stable

MAT: Multifocal atrial tachycardia, IABP: Intra-aortic balloon pump, LVSD: Left ventricular systolic dysfunction

Table 2 Trend of thyroid function tests

Laboratory findings Results Reference value
Thyroid function On admission* Day 3* Day 5* Day 7* Day 10

TSH <0.01 mlU/L** <0.01 miU/L <0.01 mlU/L <0.01 miu/L <0.01 miU/L 0.35-4.94 mlU/L
T3 >30 pg/mL** >30 pg/mL 27.61 pg/mL 6.25 pg/mL 3.83 pg/mL 1.71-3.71 pg/mL
T4 3.81 ng/dL** 332 ng/dL 2.66 ng/dL 1.81 ng/dL 1.38 ng/dL 0.7-1.48 ng/dL
TgAb 531 1U/mL 0-281U/mL
TPOAb 45 1U/mL 0-16 1U/mL
TRADb 11.51U/L 0-2.01U/L
TSAb 651% 0-120%

TSH: Thyroid-stimulating hormone, fT3: Free triiodothyronine, fT4: Free thyroxine, TgAb: Anti-thyroglobulin antibody, TPOAb: Anti-thyroid peroxidase antibody, TRAb:
TSH receptor antibody, TSAb: Thyroid-stimulating antibody

*Data were retrospectively measured using stored blood samples obtained on admission Day 1 through Day 7

**Data using pre-amiodarone treatment sera

of suspicion, and postponed analysis of thyroid func- if thyroid hormone screening at the initial examination
tion tests led to the delayed diagnosis of TS. In addition, had confirmed the corrective diagnosis of TS. Actually,
elevated circulating cardiac enzymes prompted coro- the ACCF/AHA guidelines strongly recommend includ-
nary angiography with suspicion of myocardial ischemia.  ing thyroid function tests for all patients with HF as
However, coronary angiography could have been avoided  their initial workup, which also applies to patients with
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ventricle, TTE: Transthoracic echocardiography

Fig. 4 Effects of amiodarone treatment on echocardiographic parameters. Color Doppler TTE in parasternal long-axis view (a, b), and TTE in
parasternal short-axis view (¢, d). Echocardiography (day 4) demonstrates severe dilated cardiomyopathy with moderate MR (LVEF, 27%; LVDD,

61 mm) (a, €). Follow-up echocardiography (day 38) demonstrates significant improvement in ventricular function and MR (LVEF, 61%; LVDD,

37 mm) (b, d). LV: Left ventricle, LVEF: Left ventricular ejection fraction, LVDD: Left ventricular diastolic diameter, MR: Mitral regurgitation, RV: Right

DCM [8, 9]. Consequently, our patient did not receive
the best guideline-mediated treatment for TS, including
anti-thyroid drugs, B-blockers, iodine therapy, and gluco-
corticoids [4]. Nevertheless, she could recover from the
catastrophic sequelae through intensive care with ami-
odarone treatment. Our case might provide several valu-
able lessons as follows:

First, our case presented as dilated thyrotoxic cardio-
myopathy (DTC), which had a striking recovery as evi-
denced by the achievement of an euthyroid state. DTC is
an uncommon phenotype of TS, and has a prevalence of
less than 1% in thyrotoxic patients [1]. Multiple factors,
such as genomic or non-genomic effects of thyroid hor-
mone on the heart and blood vessels, may be involved in
cardiomyopathy [10], and uncontrolled thyrotoxicosis,
autoimmune, or inflammatory reactions can cause DTC
[11]. Besides, persistent tachycardia can cause DCM as a
result of impaired myocardial contraction due to dimin-
ished activity of the Na/K-ATPase pump, and downregu-
lation of beta-adrenergic receptors [12].

Given that GD is an autoimmune thyroid disease, and
that thyroid hormone receptors have been identified in
human cardiomyocytes [13], it is plausible that auto-
immune-mediated inflammatory responses are directly
responsible for the development of DTC. Indeed, auto-
immune lymphocytic myocarditis has been demon-
strated to be a major causative factor of DTC [14, 15].
However, a previous biopsy study reported that most
of the biopsy tissue from cases of GD with LVSD pre-
sent secondary DCM, characterized by myocyte hyper-
trophy and interstitial fibrosis [16]. Our case revealed
similar histological features, and did not comply with
the histological diagnostic criteria for myocarditis [17].
Instead, tachycardia-induced cardiomyopathy was con-
sidered to be the most likely mechanism of cardiomyo-
pathy in our case owing to the persistence of incessant
tachycardia, exclusion of other possible causes of HF,
and the complete recovery of LVSD following the resto-
ration of sinus rhythm and heart rate control [12].
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In our case, the EMB was not performed during the
very acute phase of hospitalization. As recommended in
the guideline, EMB should have been performed as soon
as possible to exclude fulminant myocarditis and identify
the presence of treatable myocarditis such as eosinophilic
myocarditis and giant cell myocarditis as the possible
cause of unexplained HF with cardiogenic shock or fatal
arrhythmia [17]. Importantly, the reversibility of thyro-
toxic cardiomyopathy requires an early recognition and
proper treatment of hyperthyroidism [18].

Second, to the best of our knowledge, ours is the first
report of a case of TS-associated MAT. The most com-
mon rhythm disturbance in TS is sinus tachycardia or
atrial fibrillation [19]. The postulated mechanism of
tachycardia is through excessive beta-adrenergic activity
due to an increased number of beta-adrenergic receptors
in hyperthyroidism [3]. MAT is a relatively uncommon
arrhythmia, recognized in 0.05% to 0.3% of electrocardio-
grams in hospitalized patients [20]. While the majority
of MAT cases are associated with significant lung dis-
ease, such as acute respiratory failure, pulmonary artery
hypertension, and chronic obstructive pulmonary dis-
ease, MAT is also related to other conditions, including
congestive HF, electrolyte imbalance, and drugs, such as
isoproterenol and aminophylline. Although the mecha-
nism of MAT remains poorly understood, the most plau-
sible pathophysiological mechanisms include re-entry,
abnormal automaticity, and triggered activity.

In the current case, TS, probably triggered by the pre-
ceding infection, led to severe hypoxia, acidosis, overacti-
vation of the sympathetic nervous system, and abnormal
automaticity. Moreover, secondary pulmonary hyper-
tension caused by LVSD, and the subsequent increased
atrial pressure, were also likely to have contributed to the
increase in automaticity. Delayed atrial afterdepolariza-
tions caused by intracellular calcium overload in DTC
can lead to triggered activity, which is capable of initiat-
ing and maintaining cardiac arrhythmias. Thus, these
factors might contribute to MAT, which is a heart rate
above 180 beats/min. However, in the current case, given
the lack of response to multiple electrical cardioversion
trials, re-entry was unlikely to be related to the genesis of
MAT.

Lastly, amiodarone administration was useful for both
the management of TS-associated MAT and the amelio-
ration of thyrotoxicosis.

Long-term amiodarone administration may cause
hypothyroidism, or less frequently, hyperthyroidism
[7]. The inhibitory effect of amiodarone on thyroid
function has generally been reported to occur from
2 weeks to approximately 3 years after the initiation of
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amiodarone treatment. However, the effects of short-
term amiodarone administration remain elusive. To the
best of our knowledge, our case is the first report of the
effects of short-term administration of amiodarone in
TS. Amiodarone can effectively control the ventricular
rate, and convert to and maintain sinus rhythm without
hemodynamic instability against atrial tachyarrhythmia
[5]; in our case, amiodarone was also found to be useful
for TS-associated MAT.

Moreover, amiodarone has various effects on thy-
roid function because of its high iodine content and is
reported to directly affect the thyroid gland [6]. Ami-
odarone ameliorates hyperthyroidism by blocking the
conversion of T4 to T3, T4 entry into the peripheral tis-
sues, and beta-adrenergic receptors. Thyroid hormone
release can also be inhibited by amiodarone because its
high iodine content leads to reduced thyroidal iodine
uptake. Therefore, we believe that amiodarone may
have played a major role in the treatment of TS, based
upon the fact that the abnormally high thyroid hor-
mone levels rapidly improved following amiodarone
treatment, leading to the rescue of the patient from a
fatal situation. However, anti-thyroid drugs were ulti-
mately needed to control the thyrotoxicosis due to the
escape phenomenon from the Wolff-Chaikoff effect
[21] (Fig. 2). Furthermore, the iodinated contrast media
received on admission might have had an additional
effect on the improvement of TS since iodine is one of
the therapeutic options for TS to inhibit excessive thy-
roid hormone release. Besides, it is recommended that
iodine treatment should be delayed at least one hour
after thionamide treatment to prevent undesired tyros-
ine residue iodination and enrichment of thyroid hor-
mone stores [4]. Thus, there remain many unanswered
questions, and further investigation is needed to assess
whether the effects of short-term amiodarone adminis-
tration are beneficial or harmful for patients with TS.

Conclusion

Herein, we describe a case of delayed diagnosis of DTC
with coexistent MAT, successfully treated with ami-
odarone. TS, which can present as DCM or MAT, is a
rare but life-threatening cardiac disease, which can be
cured if treated appropriately at an early stage. There-
fore, clinicians should always consider the possibility
of this rare clinical entity in patients with de novo HF,
with any tachyarrhythmia or DCM of unknown etiol-
ogy. Moreover, our case highlights the potential effects
of short-term amiodarone administration in the treat-
ment of TS.
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Supplementary information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512872-021-01935-5.

Additional file 1. Electrocardiogram performed during physical examina-
tions 5 years prior. Electrocardiogram showing a normal sinus rhythm with
inverted Twaves in leads Il, lll, and aVF.

Additional file 2. Color Doppler t ransthoracic echocardiography in
parasternal long axis view onday 4. Parasternal long axis view with color
Doppler showing severelydilated, diffusely hypokinetic left ventricle with
moderate mitral regurgitation.

Additional file 3. Color Doppler transthoracic echocardiography in
parasternal long-axis view on day 38. Parasternal long-axis view with
color Doppler showing significant improved left ventricular function, and
amelioration of mitral regurgitation.

Additional file 4.. Transthoracic echocardiography in parasternal short-
axis view on day 4. Parasternal short-axis view showing severely dilated,
diffusely hypokinetic left ventricle.

Additional file 5.. Transthoracic echocardiography in parasternal shot-axis
view on day 38. Parasternal short-axis view showing significant improved
left ventricular function.
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ventricular systolic dysfunction; MAT: Multifocal atrial tachycardia; IABP: Intra-
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